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Abstract 13 

Understanding conspecifics’ age classes is crucial for animals, facilitating adaptive behavioral 14 

responses to their social environment. This may include gathering and integrating information 15 

through multiple modalities. Using a cross-modal preferential looking paradigm, we investigated 16 

whether dogs possess a cross-modal mental representation of conspecific age classes. In 17 

Experiment 1, dogs were presented with images of an adult dog and a puppy projected side-by-18 

side on a wall while a vocalization of either an adult dog or a puppy was played back 19 

simultaneously. To test the effect of relative body size between adult dog and puppy images, two 20 

size conditions (natural size and same size) were employed for visual stimuli. We examined dogs’ 21 

looking behavior in response to cross-modally matched versus mismatched stimuli. We predicted 22 

that if dogs have cross-modal representations of age classes, they would exhibit prolonged 23 

attention towards matched images compared to mismatched ones. In Experiment 2, we 24 

administered the same paradigm within an eye-tracking experiment to further improve the 25 

measurement quality of dogs’ looking times. However, dogs’ looking times in either experiment 26 

did not demonstrate significant differences based on the match or mismatch between image and 27 

vocalization. Instead, we observed a size effect, indicating dogs’ increased attention towards 28 

larger adult dog images compared to smaller puppy images. Consequently, we found no evidence 29 

of cross-modal representation of age class in dogs. Nonetheless, we found increased looking time 30 

and pupil size upon hearing puppy vocalizations compared to adult vocalizations in Experiment 31 

2, suggesting that dogs exhibited heightened arousal when hearing puppy whining.  32 

 33 

Keywords: cross-modal recognition, dogs, puppy, eye tracking, whining 34 

 35 

 36 

 37 
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Acquiring information about conspecifics is important, especially for social animals. Animals 38 

achieve this by using multiple sensory modalities; for example, non-human animals integrate 39 

information about species (Adachi et al., 2009; Gergely et al., 2019; Mongillo et al., 2021), 40 

identity (conspecific: Proops et al., 2009, human: Adachi et al., 2007; Takagi et al., 2019), human 41 

gender (Ratcliffe et al., 2014), and conspecific body size (Bálint et al., 2013; Faragó, Pongrácz, 42 

Miklósi, et al., 2010; Taylor et al., 2011). Recognizing if a conspecific is an adult or an infant is 43 

also important for social animals, as it enables them to adapt their behavior to the individuals 44 

around them (Berry & McArthur, 1986). Animals should not treat an adult individual like an infant 45 

and vice versa. For example, animals should avoid immature individuals as mating partners, and 46 

unfamiliar individuals can be a threat if they are adults, but probably not if they are infants. 47 

Additionally, approaching others’ young infants often provokes aggressive behavior from the 48 

parents. Thus, ignoring information about others’ age can be very costly. 49 

Which cues do animals use to recognize others’ age class? Information exchange about 50 

this requires two things: 1) information about age class should be expressed in certain ways, and 51 

2) these cues (or signals) should be appropriately perceived and used by other individuals. Age 52 

cues can be visual (e.g., body size, pelage or skin color, morphology, or behavior), auditory (e.g., 53 

acoustic characteristic of vocalizations), or olfactory (e.g., body smell). Previous studies have 54 

shown that animals can use some of these cues; for example, Ghazanfar et al. (2007) tested 55 

whether rhesus macaques (Macaca mulatta) could match adult versus juvenile visual and acoustic 56 

information by using the cross-modal matching paradigm. The monkeys saw videos of adult and 57 

juvenile conspecific heads while they heard matching or non-matching vocalizations. The results 58 

provided evidence that monkeys can integrate information about vocalizations and images of 59 

juvenile and adult conspecifics, different in body size. Age class information is also important for 60 

Australian sea lions (Neophoca cinerea). For instance, females can be very aggressive toward 61 
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non-filial pups if they approach; therefore, approaching a non-mother adult female can be risky 62 

for pups. Charrier et al. (2022) found that when replicas of pups and adult females were presented 63 

to Australian sea lions, pups avoided female replicas but not pup replicas. Female adults also 64 

showed a clear preference toward the pup replica matching their own pup’s age class compared 65 

to one of a different age class, indicating that they can use visual cues to differentiate conspecific 66 

age class.  67 

Dogs (Canis familiaris) are an especially interesting species in which to test cross-modal 68 

age recognition for conspecifics because their appearance varies greatly among breeds, including 69 

body size, which is a potential cue of age class in many species. Adult dog weight varies from 70 

less than one kg to 100 kg among breeds (Autier-Dérian et al., 2013), comparable to or even 71 

bigger than the developmental changes each dog experiences during its lifetime. Consequently, 72 

one possibility is that across different breeds, body size may not consistently serve as a reliable 73 

indicator of age class in dogs. On the other hand, it is also possible that the inclination to use body 74 

size as a proxy of age class is still preserved in dogs and dogs may rely on body size. Specifically, 75 

they might rely on the relative body size between a mother and her pup to differentiate between 76 

age classes. 77 

 Body size recognition in dogs has been cross-modally tested, and studies have shown 78 

that dogs are sensitive to conspecific body size information (Faragó, Pongrácz, Miklósi, et al., 79 

2010; Taylor et al., 2011). One common way to test cross-modal recognition is by using a 80 

preferential-looking paradigm, in which a pair of visual stimuli is presented with one type of 81 

sound, and then attention to cross-modally matched versus mismatched visual stimuli are 82 

compared. If subjects pay more attention to visual stimuli that match the acoustic stimuli, it 83 

implies that they have a cognitive representation of the object which links to the two perceptual 84 

cues across modalities (e.g., Faragó, Pongrácz, Miklósi, et al., 2010; Sliwa et al., 2011). Faragó 85 
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et al. (2010) tested whether dogs represented body size after hearing conspecific growls. They 86 

replayed a conspecific growl and simultaneously projected two images of a dog side-by-side. The 87 

two images were identical in content but different in size; one was sized to show the growling 88 

dog’s actual size, while the other was either 30% larger or smaller. They found that dogs looked 89 

at the size-matched image sooner and longer upon hearing the growl. Further evidence for cross-90 

modal matching of body size and growls in dogs has been reported by Taylor et al. (2011). These 91 

results suggest that dogs have a visual representation of body sizes when they hear conspecific 92 

growls; that is, dogs can gain information about conspecific body size from both visual and 93 

auditory cues. However, it remains unclear if dogs use body size information as cues of age class, 94 

considering the huge variation of body size even among adult dogs of different breeds. 95 

Consequently, even if conspecific body size is important information for dogs, they may not rely 96 

on it to differentiate puppies and adult dogs but use other cues such as body proportion or 97 

vocalization (both vocalization types and acoustic properties). 98 

Dogs’ responses to both conspecific and heterospecific infant vocalizations have been 99 

tested, and these previous studies have found that dogs are responsive to them. For example, Yong 100 

and Ruffman (2014) tested dogs’ cortisol levels after hearing either a human infant crying, 101 

babbling or white noise. They found that, like in humans, dogs’ cortisol levels significantly 102 

increased from the baseline after hearing an infant crying, and they interpreted this as evidence 103 

of emotional contagion in dogs susceptible to human infant crying. However, dogs are even more 104 

responsive to vocalizations of conspecific pups than human infant cries. Lehoczki et al. (2020) 105 

played different kinds of sound, including separation calls of dog pups, kittens, human infants, 106 

and artificial sounds and tested dogs’ responses. Upon hearing the separation calls, dogs oriented 107 

their head to the sound source quicker when the sound was a dog pup call or artificial sound than 108 

a human infant cry or kitten call. Root-Gutteridge et al. (2021) also reported that dogs were more 109 
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attentive to vocalizations in the call‑frequency range of conspecific pups than that of human 110 

infants. These results indicated that particular acoustic characteristics of pup calls especially 111 

attract dogs’ attention. Importantly, however, none of these studies compared the responses toward 112 

adult versus infant vocalizations. Therefore, even though dogs react to puppy or human infant 113 

vocalizations, it remains unclear whether dogs recognize that they were produced by infants but 114 

not adults or even whether the response is specific to vocalizations of young animals or distress 115 

calls in general. 116 

In this study, we investigated dogs’ capacity for cross-modal recognition of puppy and 117 

adult conspecifics by using a preferential-looking paradigm. We played back vocalizations of 118 

either an adult dog or a puppy while simultaneously presenting images of an adult dog and a 119 

puppy. We then coded which image the dogs first looked at and also compared the durations of 120 

looking at the two images. We predicted that if dogs have a mental representation of puppies and 121 

adult conspecifics that includes both auditory and visual properties, dogs will look at the matched 122 

image sooner and/or for longer than the mismatched image. The looking time measure is also 123 

used as an index of expectancy violation in some studies testing cross-modal recognition (e.g., 124 

Adachi et al., 2007; Takagi et al., 2019). Importantly, the majority of those studies reporting a bias 125 

for incongruent stimuli used a single visual stimulus (i.e., either congruent or incongruent) instead 126 

of paired visual stimuli like ours (but see also Jardat et al., 2022). Therefore, in the present study 127 

with a preferential looking paradigm, we predicted a looking bias for a congruent image. We 128 

prepared two size conditions for visual stimuli to differentiate relative body size cues and other 129 

cues. In the natural size condition, an adult dog image was presented as bigger than a puppy, while 130 

in the same size condition, images of an adult and a puppy were presented in the same size by 131 

changing the size of both. If dogs use visual cues other than size, we predicted a congruency effect 132 

in both conditions. However, if body size serves as an important visual cue to differentiate between 133 
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the adult and puppy, we expected a congruency effect in the natural size condition but no or a 134 

diminished effect in the same size condition. A previous cross-modal matching study reported 135 

that dogs’ bias for congruent stimuli depended on the subjects’ previous experience. In Ratcliffe 136 

et al. (2014), where either a male or female voice played in the presence of a man and a woman, 137 

dogs living with more than two adults showed looking bias for the congruent person while dogs 138 

living with one or two persons showed a bias for the incongruent person. Thus, it is possible that 139 

only dogs who have had previous experience with both adult dogs and puppies show a congruency 140 

effect. In order to take this possible influence into account, we asked the owners about their dog’s 141 

previous experience with puppies. In Experiment 1, based on the methods of Faragó et al. (2010), 142 

the visual stimuli were projected side-by-side on a wall and the looking behavior of the subjects 143 

was recorded by video cameras. In Experiment 2, we applied eye-tracking using the same 144 

paradigm, in order to test the results in Experiment 1 when analyzing the dogs’ gaze behavior in 145 

a more detailed manner. 146 

 147 

Experiment 1 148 

Methods 149 

Subjects 150 

We tested 43 adult pet dogs; five dogs were excluded because of technical issues with 151 

the recording. The data was collected from 23rd September to 12th October 2021. The sample size 152 

was determined based on a power simulation. Our power simulation was based on 36 subjects, 153 

yielding a power of over 80%. Therefore, we aimed for this sample size. Sessions were excluded 154 

if the dog did not look at either image in two or more trials. Based on this pre-determined criterion, 155 

four dogs were excluded. Therefore, the final sample size consisted of 34 dogs (17 females, M = 156 

71.6 months, see Table A1 for details). The owners were informed about the study and gave 157 
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written consent before participating, but the purpose of the study was explained after. We asked 158 

the owners about their dogs’ previous experience of interacting with neonate puppies (3 answers 159 

were possible: not at all: “My dog has never met a puppy.”, some experience: “My dog has met a 160 

puppy several times.”, daily experience: “My dog has interacted with one or more puppies with 161 

a daily basis.” (e.g. lived with puppies)). 162 

Experimental set-up and Procedure 163 

The experiment was conducted in an experimental room (6m x 7m) at the Clever Dog 164 

Lab (Messerli Research Institute, University of Veterinary Medicine Vienna, Austria). The owner 165 

sat on a chair in the middle of the experimental room and gently held the dog so that her/his head 166 

was in the center of the square marked on the floor (Figure 1). Tape was used to mark the floor 167 

for visual guidance for later head direction coding. Two projector screens (150 cm x 150 cm each) 168 

were placed by the wall the dogs faced and sat from 3 m away. A loudspeaker (Dell AC511 169 

Soundbar) was placed centrally between the screens. The visual stimuli were presented on the 170 

two screens at floor level by a projector (EPSON LCD Projector) located behind the subject and 171 

the owner. Four cameras recorded the dogs’ behavior and experimental procedures: one was 172 

attached on the ceiling above the subject, one was located between the two screens and the other 173 

two were attached to the side walls (Figure 1). The lights were turned off during the experiment, 174 

and the window blinds were closed. A visual occluder was placed in front of the doors to minimize 175 

distraction from the outside.  176 

After the subject was familiarized with the experimental room, we started the 177 

experiment. To prevent the owner from influencing their dog’s behavior, they were not allowed 178 

to see the visual stimuli, so they either closed their eyes or looked down. Each trial started with 179 

the presentation of an attention-getter, a short animation projected on the wall between the two 180 

screens together while replaying a short sound. When the subject was facing the center of the wall, 181 
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the experimenter immediately started projecting two images of an adult dog and a puppy on the 182 

two screens side-by-side. At the same time, a recording of a dog vocalization (either adult dog or 183 

puppy) was played through the loudspeaker. Each image pair was presented for 10 seconds, and 184 

the vocalization for approximately 3 seconds. The previous study by Faragó et al. (2010) 185 

presented visual stimuli for 20 seconds, but we shortened the duration to keep the dogs’ 186 

concentration. Each session consisted of four trials, and each dog was tested in two sessions (same 187 

size or natural size sessions, see below) on the same day with a short break between sessions. The 188 

study was approved by the institutional ethics and animal welfare committee (ETK-106/07/2021) 189 

in accordance with GPS and national legislation guidelines. The experimental design and analyses 190 

in Experiment 1 were pre-registered on AsPredicted (https://aspredicted.org/GJ1_X5G). 191 

 192 

 193 

Figure 1 The experimental setting 194 

a) a schematic image of the experimental room, including four cameras, two screens, a 195 

loudspeaker, and a visual occluder. b) a dog participating in the experiment. c) an example of one 196 

trial. 197 
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Stimuli 198 

Visual stimuli 199 

We used images of adult dogs (>1 year; n = 8) and puppies (<1 month; n = 8). Since we 200 

did not restrict the subjects’ breeds, their breeds and the body size varied. In order to avoid the 201 

potential risk of using only one breed as stimuli, we used dogs from two breeds as stimuli. Namely, 202 

half of the stimuli depicted border collies, representing a medium-sized breed and the other half 203 

Shetland sheepdogs, representing a small-sized breed. Sex and the exact age of some dogs in the 204 

images were unknown. The eyes of the puppies were closed because they were neonate, while the 205 

adult dogs’ eyes were open considering the possibility that it may be unnatural if a “sleeping” 206 

adult dog vocalized. The dogs presented as the stimuli were in a lying position, which was chosen 207 

to have the same posture for both adult dogs and puppies. The brightness was matched between 208 

an adult dog and a puppy for each pair, and the background was trimmed. In the natural size 209 

condition, the adult image was always larger than the puppy image (i.e., approximately three times 210 

larger in height) for both stimuli breeds, while in the same size condition, an adult dog and a 211 

puppy were presented in the same size (about 20% smaller in height than the adult dog of natural 212 

size condition). The size condition was blocked into sessions, and the order of the sessions (i.e., 213 

same/natural size conditions) was counterbalanced. The stimuli breed type was mixed in each 214 

session, but the order was counterbalanced between subjects (e.g., the first two trials were border 215 

collie in session 1 and Shetland sheepdog in session 2 for half of the subjects). The side of the 216 

adult dog image was balanced so that the matched image side varied across trials.  217 

 218 

Auditory stimuli 219 

We used whining sounds recorded from four adult dogs and four neonate puppies. 220 

Whines are high-pitched tonal vocalization which puppies emit when they are separated from 221 
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their mother, but they are also produced by adult dogs upon separation from the owner or in 222 

different situations (Yeon, 2007). Whines are one of the earliest sounds present in canids, 223 

developmentally proceeding the emergence of growls (Cohen & Fox, 1976). Thus, whines were 224 

chosen because this is a type of vocalization which both adult dogs and puppies make. Half of 225 

them were from Border collies, and the other half were from Shetland sheepdogs, and the breeds 226 

of visual and auditory stimuli were always matched in each trial. The stimuli were provided by 227 

the pup-sound database of the Department of Ethology (Eötvös Loránd University, Budapest, 228 

Hungary); they had been pre-recorded and used for other studies (Lehoczki et al., 2019, 2020; 229 

Marx et al., 2021). The adult vocalizations were recorded when the owner left the dog alone in 230 

the experimental room for 3 min. The puppy vocalizations were recorded at 4 days age at the 231 

breeders’ home during a 3 min separation from the mother and littermates while only the 232 

experimenter and the breeder were present. The duration of the stimuli used was two to three 233 

seconds. The vocalizations were normalized among the stimuli to control loudness variations 234 

using the software Audacity (https://www.audacityteam.org/). For acoustic details see 235 

Supplementary Material. 236 

 237 

Analysis 238 

Dogs’ looking behavior was coded using the Loopy scoring tool (loopbio gmbh, Vienna, 239 

Austria). The coder (Y. K.) knew the purpose of the study but was blind to the vocalization type, 240 

hence the matching image’s side for each trial during the coding. Looking was defined as the head 241 

oriented to one of the images. Whenever the orientation of the eyes was clearly visible, it was 242 

considered. If a dog turned her/his head or gazed continuously (i.e., without stopping the gaze for 243 

longer than 0.1 sec) it was not coded as looking at the corresponding stimulus. A second coder 244 

who was naïve to the hypothesis and the prediction of the study coded 20% of the valid sessions 245 
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(10 sessions) to check inter-observer reliability, which was good (intraclass correlation coefficient 246 

ICC (2,1) = 0.83). 247 

We investigated whether dogs' visual attention towards images of adult and puppy dogs 248 

was influenced by vocalization types and body size. If dogs displayed greater attention to cross-249 

modally matched images, their looking behavior would be biased towards one image (e.g., an 250 

adult image) compared to the other when they heard corresponding (adult) vocalization (indicated 251 

by a significant effect of vocalization). Additionally, if dogs exhibited increased attention to cross-252 

modally matched images only when the relative body size between an adult dog and a puppy is 253 

preserved, we expected their looking behavior to be biased towards the corresponding image (e.g., 254 

an adult image) only in the condition where images were presented at the natural size (indicated 255 

by a significant interaction effect between vocalization and size). Following our pre-registered 256 

analysis plan, we analyzed the proportion looking time to the adult image compared to the puppy 257 

image (adult looking proportion) during the entire trial duration. Adult looking proportion was 258 

calculated by adult looking time divided by the sum of adult looking time and puppy looking time 259 

in each trial. We also recorded which image the dog looked at first (the first look image, adult 260 

coded as 1; puppy coded as 0). We fitted Generalized Linear Mixed-Effects Models (GLMMs) 261 

using R (R Core Team, 2018) and the packages glmmTMB (Brooks et al., 2017) and lme4 (Bates 262 

et al., 2015). We used a beta distribution (continuous responses between 0 to 1) for the proportion 263 

of looking time and a binomial error distribution for the binary first look variable. The following 264 

factors were included as predictor variables: size condition (natural size/same size), vocalization 265 

(adult dog/puppy), the interaction between these two terms, stimuli breed type (border 266 

collie/Shetland sheepdog), the side of the adult image (left/right), the session number (1 or 2), the 267 

trial number within a session (1-4), subject age, and sex. Subject ID was included as a random 268 

intercept, and size condition, vocalization, stimuli breed type, side of the adult image, session 269 
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number, and trial number were included as random slopes. The model syntax in R was: 270 

dependent variable ~ size condition*vocalization + stimuli breed type + 271 

adult side + session + trial + age + sex + (1+ condition + vocalization 272 

+ stimuli breed type + adult side + session+ trial ||subject id). The 273 

random-effects structure was kept maximal to maintain conservativity (Barr et al., 2013). We also 274 

checked models with a simplified random slope structure (i.e., removing stimuli breed type, adult 275 

side, session, trial, age, sex), and the results did not change the pattern of significant results (see 276 

Supplementary Material). We conducted likelihood ratio tests (using R function drop1 with 277 

argument test set to “chisq”) to evaluate the significance of the fixed effects.  278 

In the adult looking proportion analysis, information about absolute looking times was 279 

removed (e.g., a dog that looked for 1 s at the adult image or for 10 s had the same value of 1 if 280 

they did not look at the puppy image). Indeed, only in 31.3 % of the valid trials, dogs looked at 281 

both images. In order to take into account the possibility that vocalization affected absolute 282 

looking time to match and mismatch, we conducted further exploratory analyses in addition to 283 

the pre-registered analyses. We analyzed adult looking time and puppy looking time divided by 284 

the total presentation duration (i.e., 10 s) using a beta GLMM. Moreover, we also tested the effect 285 

of dogs’ previous experience of interacting with puppies. We analyzed match looking proportion, 286 

defined as looking time to the matched image divided by the sum of looking time to matched 287 

images plus mismatched images, by fitting the same beta GLMM but with experience as an 288 

additional predictor variable. The data, R code and a video are available at Mendeley Data (doi: 289 

10.17632/6skk6w8tnb.1). 290 

Transparency and Openness Statement 291 

• Data availability 292 

The data, R code and a video are available at Mendeley Data, doi: 293 

10.17632/6skk6w8tnb.1 294 

• Analysis code availability 295 
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The data, R code, a video and the results of the acoustic analysis are available at 296 

Mendeley Data, doi: 10.17632/6skk6w8tnb.1 297 

• Materials availability 298 

The stimuli we used are available upon request. 299 

• Citation (to secondary data, materials, and/or code, including statistical packages) 300 

The data, R code, a video the results of the acoustic analysis are available at Mendeley 301 

Data, doi: 10.17632/6skk6w8tnb.1 302 

• Reporting standards 303 

We report how we determined our sample size, all data exclusions (if any), all 304 

manipulations, and all measures in the study. 305 

• Design preregistration availability 306 

The experimental design and analyses in Experiment 1 were pre-registered on 307 

AsPredicted (https://aspredicted.org/GJ1_X5G). 308 

• Analysis plan preregistration availability 309 

The experimental design and analyses in Experiment 1 were pre-registered on 310 

AsPredicted (https://aspredicted.org/GJ1_X5G). 311 

 312 

Results  313 

To test whether dogs looked at cross-modally matched images more than the 314 

mismatched ones, we examined whether dogs’ looking behavior (the adult looking proportion and 315 

the first look) was influenced by vocalization types with the interaction with size condition. Figure 316 

2 shows the adult looking proportion (see also Figure A1 for absolute looking time). For the 317 

analysis of adult looking proportion, the interaction between size condition and vocalization was 318 

not significant (beta GLMM, likelihood ratio (LR) test: χ2(1) = 0.87, p = 0.35). This indicates that 319 

the effect of vocalization type on the dog’s looking times did not differ significantly between the 320 

two body size conditions. Thus, we excluded it from further analysis and fitted another model. 321 

The results revealed that the vocalization type (adult dog/puppy) did not significantly affect adult 322 

looking proportion (χ2(1) = 0.61, p = 0.43, Table A3 and A4). The effects of size condition (χ323 

2(1) =9.29, p = 0.002) and adult side (χ2(1) = 8.58, p = 0.003) on adult looking proportion were 324 
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significant, indicating that the dogs looked longer at the adult image when it was larger than the 325 

puppy image and when it was presented on the right side. The GLMM of the first look provided 326 

no evidence for a significant interaction between size condition and vocalization (binomial 327 

GLMM, LR test: χ2(1) = 0.32, p = 0.57). After removing the interaction, we found a significant 328 

effect of size condition (χ2(1) = 3.94, p = 0.047, Figure 2, Table A3 and A4) but not of 329 

vocalization (χ2 (1) = 1.43, p = 0.23) on the first look. This demonstrates that the likelihood of 330 

dogs looking at the adult image first was higher when it was larger than the puppy image (natural 331 

size condition) than when they were the same size (same size condition). 332 

In an exploratory analysis that was not pre-registered, we analyzed adult looking time 333 

and puppy looking time divided by the total presentation duration; however, the main effect of 334 

vocalization was not significant for either response variable (beta GLMM, LR test: adult looking 335 

time: χ2(1) =0.48, p = 0.49, puppy looking time: χ2(1) =0.001, p = 0.97, Table A5 for details). 336 

We conducted a further analysis to investigate if dogs’ visual attention towards cross-modally 337 

matched images, compared to mismatched ones, is influenced by their previous exposure to 338 

puppies. We tested the effect of dogs’ previous experience of interacting with puppies on the 339 

match looking proportion, which represents the ratio of the looking time directed at matched 340 

images to the combined looking time at both matched and mismatched images. Based on the 341 

owners’ answers, sixteen dogs had no experience with a young puppy, fifteen had some experience, 342 

and three had daily experience. Since only a few dogs had daily experience, we combined dogs 343 

with some or daily experience of puppies (18 dogs, “experienced dogs”) in comparison to dogs 344 

with no experience of puppies (16 dogs, “inexperienced dogs”). Nevertheless, the effect of 345 

experience on the match looking proportion was not significant (beta GLMM, LR test: χ2(1) 346 
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=0.07, p = 0.79, Table A6 for details). 347 

 348 

Figure 2 The results of looking behavior in Experiment 1 349 

a-1) Boxplot showing the proportion of looking at the adult dogs (adult looking time/ (adult 350 

looking time + puppy looking time). The dots represent the data point for each trial. Scores greater 351 

than 0.5 in the adult looking proportion indicate that a subject looked at an adult dog for a longer 352 

time than at a puppy. a-2) Estimate of fixed effects and 95% confidence interval of the GLMM 353 

modelling the adult looking proportion. 354 

b-1) The total number of first looks from all subjects. b-2) Estimate of fixed effects and 95% 355 

confidence interval of the GLMM modelling the first looks. 356 

 357 

Discussion 358 

The analysis of looking time proportion or first look did not yield a significant effect of 359 

vocalization type (adult dog/puppy), indicating that dogs did not change their looking behavior 360 

toward the adult or puppy images based on whether the vocalization was matched or not. Thus, 361 

the results provided no evidence of cross-modal representation of age class in dogs. Further 362 

analysis of adult looking time and puppy looking time did not support the prediction, and there 363 
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was no effect of previous experience with puppies either. It should be noted that more owners 364 

than expected (i.e., half of them) reported that their dogs had some experience with neonate 365 

puppies, which are younger than one month old and are normally kept in breeders. Thus, we need 366 

to be cautious about the validity of data of previous experience, as some owners may have 367 

reported their dog’s previous experience with puppies in general rather than neonate puppies 368 

specifically. We also found evidence of a side bias; dogs looked at an image for longer presented 369 

on the right. This bias could be due to the fact that the doors were on the right side of the 370 

experimental room (even though they were visually occluded). 371 

As always, negative results are difficult to interpret because the reasons remain 372 

ambiguous, and a multitude of factors could contribute to such an absence of evidence. First, the 373 

two dog images were presented quite far apart (approximately 2 m) for the purpose of later video 374 

coding. This may have made it difficult for dogs to notice both images. Indeed, in 68.7% of the 375 

valid trials, dogs looked at only one of the two images. Second, the dogs might not have 376 

recognized the images, especially the small puppy stimuli in the natural size condition, because 377 

of the distance between subjects and the images and given dogs’ rather poor visual acuity (Miller, 378 

1995). Third, in many trials, the dog’s head was directed towards the space between the screens 379 

but not at either image, thus, it was not coded as looking at any image because we defined the 380 

looking behavior mainly by the head direction towards a screen. However, dogs may have looked 381 

at one of the stimuli without clear head orientation, which may have underestimated their actual 382 

looking times. We considered gaze direction whenever possible, but gaze direction was not always 383 

clear from the video. Although the same setting worked with other stimuli in a study by Faragó et 384 

al. (2010), it is possible that these may have caused negative results. In Experiment 2, we 385 

conducted the same experiment using eye-tracking methodology to deal with potential issues of 386 

stimulus presentation and coding of dogs’ looking behavior.  387 
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 388 

Experiment 2 389 

We tested different dogs in the same manner but with eye-tracking. Using this methodology 390 

allowed the presentation of the visual stimuli to be closer to one another and at a closer distance 391 

to the dogs, which enabled us to measure dogs’ visual attention more precisely. In an exploratory 392 

analysis, we also examined the dogs’ pupil size response as a proxy of their arousal levels. Pupil 393 

size can be influenced by many factors, but pupil dilation is commonly regarded as an indicator 394 

of emotional arousal (Bradley et al., 2008). Indeed, studies in dogs showed that they exhibited 395 

dilated pupils when presented with pictures of angry faces compared to happy faces (Karl et al., 396 

2020; Somppi et al., 2017). Dogs also exhibit larger pupils following expectancy violations 397 

concerning physical regularities (Völter et al., 2023; Völter & Huber, 2021a) and their pupil size 398 

is more variable when presented with animacy cues (Völter & Huber, 2022). 399 

Methods 400 

Subjects 401 

We tested 15 adult pet dogs. One male dog was excluded because of his reaction to the 402 

vocalization as described later, and the final sample size was 14 (7 females, M = 61.6 months, see 403 

Table A2 for details); none took part in Experiment 1. The data was collected from 14th March to 404 

29th July 2022. The dogs had previously been trained for and had successfully participated in other 405 

eye-tracking experiments (Völter & Huber, 2021b, 2021a, 2022). 406 

Experimental set-up and Procedure 407 

Identical to Experiment 1, each dog experienced two sessions (i.e., same and natural 408 

size conditions) but on different days, and one session consisted of four trials. The session order 409 

was counterbalanced between subjects. The EyeLink1000 eye-tracking system (SR Research, 410 

Canada) was used to record the dogs’ gaze location. Visual stimuli were presented on a 24-inch 411 
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LCD monitor (resolution: 1024 × 768; refresh rate: 60 Hz) at a distance of 70 cm from the dogs’ 412 

eyes. The auditory stimuli were played back from an elongated loudspeaker (Dell AC511 413 

Soundbar) mounted below the screen.  414 

The dogs were already trained to put their head on a chinrest to minimize their head 415 

movement during eye-tracking. Since the dogs had never experienced any sound presentation 416 

during an eye-tracking experiment, familiarization was needed. We started by playing classical 417 

music at a low volume, then bird sounds and dog vocalizations (e.g., yawning or barking), which 418 

differed from the ones presented during the experiment. One dog was excluded at this point 419 

because he reacted to the dog vocalization so much that eye tracking was impossible. Before each 420 

session, dogs completed a 5-point calibration with animated stimuli and at least one validation 421 

procedure with an average deviation between calibration and validation of less than 1° of visual 422 

angle. Then, each trial started with presenting fixation stimuli at the center of the monitor. If the 423 

dogs’ eye gaze fell into the fixation area, visual and auditory stimuli were automatically presented 424 

simultaneously. The study was approved by the institutional ethics and animal welfare committee 425 

(ETK-034/02/2022) in accordance with GPS and national legislation guidelines.  426 

 427 

Stimuli 428 

We used almost identical dog images as in Experiment 1, but this time the visual stimuli 429 

had a naturalistic background (Figure 3). Eye-tracking studies in dogs with static images normally 430 

employed a shorter presentation duration than 10 s (Park et al., 2022). Therefore, the presentation 431 

duration was changed to 8 s instead of 10 s in order to maintain the dogs’ concentration until the 432 

end of the eye-tracking session. We used the same auditory stimuli as in Experiment 1. 433 
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 434 

Figure 3 Examples of visual stimuli and regions of interest (Left: natural size condition, Right: 435 

same size condition) 436 

Analysis 437 

Two regions of interest (ROI, 430 × 400) were drawn on the dog images prior to data 438 

collection (Figure 3). Gazing was categorized as a fixation if a gaze point did not change for 439 

longer than 75 ms. The total looking time to each ROI and the image the subject first fixated (the 440 

first look images) were recorded. Looking time was analyzed as the adult looking proportion as 441 

in Experiment 1. The following factors were included as predictor variables: size condition 442 

(natural size/same size), vocalization (adult dog/puppy), the interaction between these two terms, 443 

the side of the adult image, the session number, the trial number, subject age, and sex. The 444 

interaction was removed if it was not significant. Subject ID was included as a random intercept, 445 

and size condition, vocalization, the side of the adult image, session number, and trial number 446 

were included as random slopes. We also analyzed adult looking time and puppy looking time 447 

divided by the total presentation duration (i.e., 8 s) using the same procedure. We also analyzed 448 

the image that the dogs looked at first in a trial using the same procedure but with binomial error 449 

distribution. We conducted likelihood ratio tests to evaluate the significance of the fixed effects. 450 

These analyses were the same as in Experiment 1, except that we did not include stimuli breed 451 

type to simplify the model due to model complexity considerations and a smaller sample size.  452 

For the pupil size analysis, we preprocessed the data (Mathôt et al., 2018) in the 453 

following way: we inspected the data of each run in order to detect artefacts. We excluded data 454 
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100 ms prior and following blink events (detected by the Eyelink software) and applied a linear 455 

interpolation. Subsequently, we applied a subtractive baseline correction. We used the first 200 456 

ms of the trial as the baseline period. Finally, we downsampled the data to 10 Hz to mitigate 457 

potential autocorrelation issues. To analyze the time course of pupil size, we fitted a generalized 458 

additive mixed model (GAMM) with a Gaussian error structure (following Sóskuthy, 2017; van 459 

Rij et al., 2019; and in line with our previous pupil size analyses, see Völter & Huber, 2021a, 460 

2021b, 2022, 2023). We analyzed the remaining trial period (7.8 s) starting at the end of the 461 

baseline period. We fitted the GAMM in R using the functions 'bam' of package 'mgcv' (Wood, 462 

2011) and package 'itsadug' (van Rij et al., 2020) to visualize the results. We used the smoothing 463 

parameter selection method ‘ML’. We included the size condition, vocalization and their 464 

interaction as linear terms, the non-linear regression lines for time and for the two levels of size 465 

condition and vocalization over time (upper limit of the number of basis functions set to 30), and 466 

the non-linear interaction between X and Y gaze coordinates (because gaze position can affect 467 

pupil size Mathôt et al., 2018; van Rij et al., 2019). We also included random factor smooths for 468 

each subject and for each individual time series trajectory (i.e., for each subject and test trial) to 469 

improve the model fit and account for autocorrelation (Sóskuthy, 2017; van Rij et al., 2019).  470 

We evaluated the model by visually inspecting correlations between the residuals and 471 

lagged residuals, the QQ-plot of residuals and the residuals against the fitted values (using the 472 

functions 'gam.check' of package 'mgcv' and 'acf' of package 'stats'). The residuals seemed to be 473 

approximately normally distributed, and there was no obvious pattern in the residuals plotted 474 

against the fitted values. However, we found some evidence for autocorrelation at lag 1 (0.675); 475 

therefore, we conducted a secondary analysis based on aggregated data (see below). To draw 476 

inferences about the effect of the predictor variables on pupil size, we first compared the full 477 

model to a reduced model excluding both the parametric and smooth terms of size condition and 478 
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vocalization using a Chi-square test of ML scores (using the function compareML of R package 479 

‘itsadug’) (van Rij et al., 2020). Based on a significant full-null model comparison, we inspected 480 

the model summary and the estimates of the differences between the conditions (using the 481 

function plot_diff of R package ‘itsadug’) (van Rij et al., 2020). To analyze the mean baseline-482 

corrected pupil size, we fitted a linear mixed model (using R package ‘lme4’). We included size 483 

condition, vocalization, their interaction, trial number as predictor variables, subject ID as a 484 

random intercept, and all possible random slope components. The data, R code and a video are 485 

available at Mendeley Data (doi: 10.17632/6skk6w8tnb.1). 486 

 487 

Results  488 

We examined whether dogs’ looking behavior (the adult looking proportion and the first 489 

look) was influenced by vocalization types. Figure 4 shows the adult looking proportion. The 490 

GLMM for the adult looking proportion revealed no significant interaction effect between size 491 

condition and vocalization (beta GLMM, LR test:χ2 (1) = 0.02, p = 0.88). After removing the 492 

interaction, we found no effect of vocalization (χ2 (1) = 0.03, p = 0.86, Table A7 and A8) but 493 

found a significant effect of size condition (χ2 (1) = 6.40, p = 0.01). Namely, the proportion of 494 

looking time directed at adult images compared to puppy images was again longer in the natural 495 

size condition than in the same size condition, but it was not affected by the vocalization type. A 496 

binomial GLMM of the first look images also provided no evidence for a significant interaction 497 

between the size condition and vocalization type (LR test:χ2 (1) = 0.05, p = 0.82). After removing 498 

the interaction, we found a significant effect of size condition (χ2 (1) = 5.66, p = 0.02, Figure 4, 499 

Table A7 and A8), namely, the likelihood of dogs looking at the adult image first was higher when 500 



23 

 

it was larger than the puppy image (natural size condition) than when they were the same size 501 

(same size condition). There was no effect of vocalization, though (χ2 (1) = 0.07, p = 0.79). 502 

When analyzing adult looking time and puppy looking time divided by the total presentation 503 

duration, the main effect of vocalization was not significant in either index (beta GLMM, LR test: 504 

adult looking time: χ2(1) =085, p = 0.36, puppy looking time: χ2(1) =0.42, p =0.51, Table A9 505 

for details). Thus, the results in Experiment 2 were rather similar to Experiment 1: the looking 506 

time and the first look were influenced by size condition but not vocalization. Unlike in 507 

Experiment 1, in Experiment 2 we did not find a significant effect of the adult side in any analysis. 508 

We did not analyze previous experience with puppies in Experiment 2 because only one subject 509 

had previous experience. In 43.4% of all trials, dogs looked at both ROIs. 510 

Based on visual inspection of the data, the overall looking time was seemingly longer 511 

when the vocalization was from a puppy compared to from an adult, especially in the same size 512 

condition (Figure A2). Therefore, in an exploratory analysis, we also analyzed “the overall 513 

looking time,” which is the sum of the looking time of the adult dog and the puppy stimuli. We 514 

used a non-parametric analysis (Wilcoxon signed rank test) to compare the overall looking time 515 

between the two vocalization types for each size condition since the looking time was not 516 

normally distributed. In the same size condition, the overall looking time was significantly longer 517 

when the vocalization was from a puppy (mean ± SD: 5270 ± 2342 ms), than from an adult (3978 518 

± 2759 ms) (n=14, T+ = 11, p<0.01), while in the natural size condition, the vocalization type did 519 

not affect the overall looking time (puppy: 4158 ± 2414 ms , adult: 3946 ± 1372 ms, n = 14, T+ = 520 

44, p = 0.63).  521 
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 522 

Figure 4 The results of looking behavior in Experiment 2  523 

a-1) Boxplot showing the proportion of looking at the adult dogs (adult looking time/ (adult 524 

looking time + puppy looking time). The dots represent the data point for each trial. Scores greater 525 

than 0.5 in the adult looking proportion indicate that a subject looked at an adult dog for a longer 526 

time than at a puppy. a-2) Estimate of fixed effects and 95% confidence interval of the GLMM 527 

modelling the adult looking proportion. 528 

b-1) The total number of first looks from all subjects. b-2) Estimate of fixed effects and 95% 529 

confidence interval of the GLMM modelling the first looks. 530 

 531 

The increase of overall looking time when hearing a puppy vocalization may indicate 532 

that dogs were aroused by the vocalization. Investigating a similar question, we also checked 533 

pupillometry as another indicator of dogs’ arousal. We analyzed the preprocessed, baseline-534 

corrected pupil size data by fitting a GAMM. The full model (GAMM01), including size 535 

condition, vocalization, and their interaction as parametric terms and the non-parametric 536 

regression lines for the two levels of size condition and vocalization over time (as well as control 537 
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terms and random effects) fitted the data significantly better than the null model that lacked these 538 

test predictors (Chi-square test of ML scores: χ2(11) =38.91, p < 0.001; GAMM01 had a lower 539 

AIC: ΔAIC 130.73). However, the interaction between size condition and vocalization failed to 540 

reach significance (t = -1.60, p = 0.111). We then fitted the model without this interaction term 541 

(GAMM02; Chi-square test of ML scores: χ2(10) =37.65, p < 0.001; GAMM02 had a lower AIC: 542 

ΔAIC 131.07). The pupil size was significantly larger when the dogs were presented with a puppy 543 

than with an adult vocalization (t = 2.01, p = 0.044, Figure 5a). The size condition had no 544 

significant effect on pupil size (t = 0.34, p = 0.731). The difference curve confirmed that pupil 545 

size was significantly larger in puppy than in adult vocalization trials in the time window between 546 

2689 and 3856 ms (Figure 5b). 547 

In a secondary analysis, we first aggregated the data per individual and trial (mean 548 

values) and then fitted an LMM with size condition, vocalization and trial number as predictors. 549 

We found a significant interaction between size condition and vocalization (χ2(1) = 5.35, p = 550 

0.021; for the model estimates, see Table A10). Post-hoc pairwise comparisons revealed that the 551 

dogs’ pupils were, on average, significantly larger when presented with the puppy vocalization 552 

than the adult vocalization but only in the natural size condition (t (38.36) = 2.48, p = 0.018) and 553 

not in the same size condition (t (38.02) = -0.35, p = 0.731). The reason for the differences in the 554 

results between the first analysis (no effect of size condition) and this one (a significant interaction 555 

effect between size condition and vocalization) is not entirely clear but might be related to the 556 

fact that the GAMM allows for taking nonlinear effects over time (alongside parametric effects) 557 

into account and for including control predictors such as the current gaze coordinates (to account 558 

for the pupil foreshortening effect). 559 

 560 
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 561 

Figure 5 Pupil size data over time in Experiment 2 562 

a) Time series plot showing dogs' pupil size (in arbitrary units and baseline corrected). The orange 563 

and light grey lines show the mean pupil size (± se, shaded area around the line) in the puppy and 564 

adult vocalization conditions. The left panel shows the data of the natural size condition; the right 565 

panel shows data of the same size condition.  566 

b) Difference curve derived from GAMM02. The dashed line shows the estimated difference 567 

between the adult and puppy vocalization conditions; the shaded area shows the pointwise 95% 568 

confidence interval. The period in which the conditions significantly differ is highlighted in red 569 

(delimited by the dotted line). 570 

 571 

Discussion 572 

The results of Experiment 2 are similar to the results of Experiment 1. The vocalization 573 

type did not affect dogs’ looking time nor the location of first looks. The only pattern we found is 574 

that the dogs looked at adult dogs for longer and quicker when an adult dog was presented at a 575 

larger size than a puppy, indicating that dogs paid more attention to physically more salient stimuli. 576 

Therefore, there is no evidence that dogs spontaneously match static images and vocalizations 577 

based on conspecific age class. We also found that the overall looking time increased (in the same 578 

size condition) and pupils were dilated (in the natural size condition) when dogs heard the 579 

vocalizations of puppies compared to adult dogs. These results suggest that dogs were more 580 

aroused and attentive when they heard puppy vocalizations.  581 
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 582 

General Discussion 583 

This study investigated whether dogs can spontaneously match auditory and visual cues 584 

regarding the age class of conspecifics in a cross-modal matching task with two methods. In 585 

Experiment 1, based on the methods of Faragó et al. (2010), the visual stimuli were projected on 586 

a wall, and the dogs’ looking behavior was determined by their head direction. In Experiment 2, 587 

we applied eye tracking and analyzed dogs’ looking direction in more detail using the same stimuli 588 

as in Experiment 1. The results were consistent across both experiments. In both experiments, 589 

dogs did not differentiate between cross-modally matched and mismatched stimuli by their 590 

looking behavior. Thus, we did not find evidence of dogs having cross-modal representations of 591 

conspecific age classes. The only consistent result we found was that dogs looked at an adult dog 592 

for longer and quicker when it was presented larger than a puppy (i.e., in the natural size 593 

condition).  594 

Our results provide no support that dogs recognize conspecific age classes from static 595 

images or vocalizations and integrate them. There are the following three possibilities: a) dogs 596 

cannot use visual cues and/or b) dogs cannot use auditory cues, or c) dogs can use both visual and 597 

auditory cues but this experimental paradigm did not allow them to exhibit it. 598 

First, considering the possibility that dogs cannot use visual cues, a previous eye-599 

tracking study, in which pairs of human and dog faces were presented accompanied by either a 600 

dog’s bark or human speech, has shown that dogs can match images and vocalizations of 601 

conspecifics versus humans (Gergely et al., 2019). Another study also showed that dogs can 602 

visually differentiate conspecifics of various breeds from other species, despite the great 603 

phenotypic variability among dogs (Autier-Dérian et al., 2013). Based on these studies, it is 604 

unlikely that our subjects did not recognize at least the adult dogs as dogs in the presented images. 605 
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However, it is possible that identifying age class from still images of other dogs is challenging for 606 

dogs because of the considerable variation in appearance among breeds due to artificial breeding. 607 

Such variability including body size across breeds may make age class categorization purely 608 

based on their appearance difficult. Moreover, paedomorphic visual features (e.g., 609 

dolichocephalic head) remain even in mature dogs, especially for some breeds. Thus, static 610 

conspecific visual appearance may not be a primary cue of age for dogs; instead, they may need 611 

other cues, such as behavior or smell, to detect whether a conspecific is a puppy or an adult dog.  612 

Another possibility is that the visual stimuli we used were insufficient. For example, 613 

video stimuli could be more informative to the dogs and also may attract attention more effectively 614 

to both stimuli. Indeed, in a previous study with rhesus macaques, where a cross-modal 615 

representation of age-related body size was found, video stimuli were used (Ghazanfar et al., 616 

2007). However, in the present study, we opted for static images because we were not able to 617 

acquire or produce well-controlled videos for both adult dogs and puppies (considering factors 618 

like breed, movement, situation, posture, etc.). Nevertheless, it should be noted that a growing 619 

number of studies have shown that dogs can recognize still images presented on a screen, 620 

evidenced by their performance in cross-modal matching studies (e.g., Adachi et al., 2007; Faragó, 621 

Pongrácz, Miklósi, et al., 2010; Gergely et al., 2019), categorization tasks (e.g., Huber et al., 2013; 622 

Range et al., 2008), and expectancy violation studies (e.g., Völter & Huber, 2021a, 2021b, 2022, 623 

2023). 624 

It is also possible that dogs cannot use auditory cues to recognize age class. In previous 625 

studies by Faragó, Pongrácz, Miklósi, et al., (2010) and Taylor et al. (2011), dogs successfully 626 

matched a dog image and a growl with respect to body size. In Experiment 1, we used the same 627 

methodology as Faragó and colleagues, and the body size difference was an easily recognizable 628 

feature of our two age classes in the natural size condition. Therefore, it may seem unexpected 629 
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that dogs did not match age class even in our natural size condition. There could be multiple 630 

reasons for the discrepancy between our current results and these previous papers; among them 631 

is the different acoustic stimuli used. In the previous studies, growls were used in contrast to the 632 

whining stimuli used in the current study. The most important acoustic feature that encodes body 633 

size information in dogs is formant dispersion, which is prominent in broad-band growl but not 634 

in narrow-band whining (Riede & Fitch, 1999; Taylor et al., 2008). Even if dogs’ body size affects 635 

the acoustic features of whining (Sibiryakova et al., 2021), it may be rather subtle and insufficient 636 

for conspecifics to estimate the caller’s body size. Acquiring body size information may be more 637 

important when dogs produce growls, which are mainly produced during agonistic interactions as 638 

a threatening signal (Faragó et al., 2010) compared to when dogs emit whine upon separation 639 

from the owner or their mother. Particularly, agonistic growls are expected to be more salient in 640 

this context, possibly alerting the listener and providing information about the level of threat, 641 

whereas whines may convey the distress of the caller and elicit empathetic responses through 642 

emotional contagion (Quervel-Chaumette et al., 2016), thus potentially less crucial for them to 643 

convey size information. 644 

 In the natural size condition, dogs showed a strong looking bias for adult dogs. Looking 645 

bias for larger dog images has also been reported in another cross-modal matching study in dogs 646 

(Bálint et al., 2013). They modified Faragó et al.’s (2010) paradigm and conducted a similar cross-647 

modal body size matching study using playful and agonistic growls as auditory stimuli. They 648 

reported that dogs looked at larger dog images more than at smaller ones after hearing playful 649 

growls. The authors suggested that playful growls might contain exaggerated size information, 650 

which could explain their results (Faragó, Pongrácz, Range, et al., 2010). However, we used 651 

whines in the present study, so dogs’ looking bias for adult dogs in the natural condition would 652 

probably have occurred simply due to their physical saliency as we discuss below. Nevertheless, 653 
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it should be noted that we found that dogs showed looking time and pupil dilation differences 654 

when hearing puppy vocalizations and adult vocalizations. This suggests that dogs at least 655 

differentiated the two types of whining.  656 

Alternatively, dogs may be able to use visual and auditory cues of age class, but the 657 

experimental setting may have not allowed dogs to demonstrate their ability. In other words, it is 658 

possible that even though dogs can recognize age categories from visual and auditory cues, it may 659 

have not systematically affected their looking behavior. For example, the robust size difference 660 

between adult dogs and puppies in the natural size condition may have overridden the congruency 661 

effect if any. In both experiments, we consistently observed that dogs’ visual attention tended to 662 

be biased toward the adult image in the natural size condition. In a prior study by Faragó et al. 663 

(2010), the size difference between a pair of dog images was 30%. In contrast, the adult dog 664 

images in the present study were much larger than puppy images (i.e., three times bigger in height) 665 

in the natural size condition to make the relative size as realistic as possible. Therefore, in our 666 

study, body size could be the predominant factor influencing dogs' visual attention. Adult dogs 667 

may have simply been physically much more salient, and they may have attracted dogs’ attention. 668 

Hence, while dogs might possess the ability to discern age classes using visual and auditory cues 669 

in their daily life, this ability might not have been fully reflected in their looking behavior within 670 

our experimental setup. Instead, the result may reflect the complex nature of cross-modal studies. 671 

Although most cross-modal studies with paired visual stimuli have reported looking bias for 672 

congruent stimuli, there is a study that reported a bias for incongruent stimuli (Jardat et al., 2022), 673 

and some have reported both a looking bias for congruent and incongruent stimuli within a study 674 

depending on the previous experience of the subject (Ratcliffe et al., 2014) or experimental stimuli 675 

(Zangenehpour et al., 2009). Thus, we found no looking bias for congruent stimuli possibly 676 

because a looking bias for congruent stimuli was diminished or overwritten by avoiding congruent 677 
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stimuli (Ratcliffe et al., 2014; Zangenehpour et al., 2009) or a looking bias for incongruent stimuli 678 

due to expectancy violation (Jardat et al., 2022).  679 

We also asked the owners about their dogs’ previous experience with puppies. We used 680 

very young puppies as stimuli because we wanted to use stimuli of clearly different age classes. 681 

However, dogs rarely have a chance to meet such young puppies. In Experiment 2, indeed, all the 682 

subjects except one had no previous experience with neonatal puppies. Previous research on 683 

human infants has shown that experience can make a difference in age-class categorizations: 684 

Bahrick et al. (2008) showed that 7-month-olds can match the faces and voices of adults and 685 

children, and previous experience with children facilitated this matching. However, in Experiment 686 

1, dogs’ previous experience with puppies did not affect the congruency effect. Also, no effect of 687 

previous experience was reported on dogs’ attentional response to puppy vocalizations in a 688 

previous study (Lehoczki et al., 2019). Therefore, lack of previous experience may not fully 689 

explain our results. 690 

From an evolutionary point of view, one possibility for our negative results concerning 691 

age-class recognition in dogs might be related to their domestication. In wolves, all pack members, 692 

not just the mother, participate in pup-rearing, while in dogs, pups are solely reared by the mother 693 

with varying degrees of help from human caretakers (Lord et al., 2013; Marshall-Pescini et al., 694 

2017). Due to this domestication-related change and direct human interferences in breeding, dogs 695 

might have reduced sensitivity toward puppy stimuli. As a result, conspecific age information 696 

may be less important for dogs than their wild counterpart. Nevertheless, dogs did not entirely 697 

lose their responsivity toward puppy stimuli throughout their domestication. We found that dogs 698 

looked at conspecific images longer (in the same size condition) and dilated their pupils to a 699 

greater extent (in the natural size condition) after hearing puppy vocalizations in Experiment 2. 700 

These two changes likely indicate that dogs were aroused by puppy vocalizations. In humans, 701 
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pupil dilation is also reported in response to stimuli depicting infant distress or discomfort 702 

(Yrttiaho et al., 2017). Previous studies have also shown that dogs show an emotional response 703 

to separation calls of puppies (Lehoczki et al., 2019, 2020; Root-Gutteridge et al., 2021). In the 704 

current study, we provide evidence that dogs’ arousal increased selectively in response to puppy 705 

whining. Infant distress vocalizations in mammals have specific acoustic features which have 706 

behavioral and physiological influence on caregivers (Lingle et al., 2012). Our results indicate 707 

that the specific acoustic features of puppy whining (but not whining in general) have 708 

psychophysiological effects in dogs. 709 

The present study tested dogs’ cross-modal representation of age class, which has only 710 

been tested, to our knowledge, in limited species such as rhesus macaques (Ghazanfar et al., 2007), 711 

Australia sea lions (Charrier et al., 2022), and horses (not conspecific but human age class, Jardat 712 

et al., 2022) besides humans (e.g., Bahrick et al., 2008). Our results provide no evidence of cross-713 

modal age representations in dogs. Apart from methodological limitations, one potential 714 

explanation for dogs’ performance is that they may need other cues to recognize the conspecific 715 

age class. Additionally, our study highlighted the possibility that puppy whining specifically 716 

induces elevated arousal in dogs. This result is not only consistent with but adds to previous results 717 

by showing that this arousal effect is selectively induced by puppy whining as compared to adult 718 

whining. 719 
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